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ABSTRACT 


An analysis of the U.S. Naval Academy's building equipment preventive 
maintenance program was conducted. The equipment of six buildings of 
various ages and uses, and typical of buildings found at most Navy 
bases, were selected for study. The analysis included an 
investigation into the relationships between equipment failure and 
age, preventive maintenance inspections and equipment failure, and 
preventive maintenance actions and equipment failure. Management 
issues regarding the preventive maintenance program were also 
examined. 


The results of the analysis indicated that the Academy was 
over-maintaining some of its mechanical equipment. This was proven 
by applying cost and linear regression analysis techniques to the 
equipments' history records which included periods of both high and 
low accomplishment rates of preventive maintenance. There were also 
some significant deficiencies noted in the computerized and manual 
management systems used in the administration of the preventive 
maintenance program. Specific recommendations for program 
improvement as well as a proposal for an ideal preventive maintenance 
program were provided. 


Thesis Supervisor: David H. Marks 
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0 INTRODUCTION 


Equipment preventive maintenance (PM) systems are 
widely accepted and used for reducing overall equipment 
life cycle costs. These costs include those associated 
pen the eguipment's aeguisition, operation, maintenance 
and repair. PM is commonly considered to involve necessary 
n port actions such as equipment cleaning, adjustment, 
meplacement of disposable parts, and minor repairs 
E ng from. some form of equipment inspection. 
Successful PM programs are rare because maintenance 
managers are universally overworked, provided inadequate 
resources to work with, and are given an overwhelming 
maintenance workload backlog (Harris, 1983). 

The U.S. Navy requires its managers to include 
۹۰۰۰٣٠٠٠٦٦ ٦7٦60301606 as One of their top priorities, but 
building equipment maintenance is sometimes neglected, 
٣۰٠٢۹٣۲۰٠۰ ۲٢ because its effects are not immediately apparent. 
Im excellent example of this iS found at the U.S. Nav 
e mM 10 Annapolis, Maryland. The facilities at the 
Academy are beautifully maintained, but the equipment 
inside the mechanical rooms of these facilities is 
sometimes overlooked. 

The Academy's preventive maintenance inspection 
program provides the framework within which equipment 
preventive maintenance is scheduled and performed. It is 


eUrrenoly being critically reviewed by the maintenance 





MI 2 ٣٠٠٠١٦٦٦٦" 7۶6 ۴۰ its planning and execution. Two 
ho nesesobcgaprding the prosram will be tested as a way of 
eleme INS Che Academy's efforts to identify and resolve 
PM problem issues. First, preventive maintenance 

mn duling techniques appear to result in excessive 
۰۰۰٠۶۱۱561178766 being performed on the equipment. In order to 
ايل 112 61د‎ 123 hwporthesis' validity, linear regression 
analysis techniques will be used to examine the equipment's 
historical relationships between equipment failure and age, 
weee aa e enance inspections and equipment failure, 
wd preventive maintenance actions and equipment failure. 
۱۱۱ 9 اه تا‎ dolina preventive maintenance will also be 
motored. tne second hypothesis is that equipment 
maintenance suffers as a result of administrative barriers. 
Comparison of the Academy's program with PM managerial 
mes presented IN 652 11 ۵۴یا‎ 2۱۱۲ 6 will be done. 

Subsequent chapters will be dealing with the different 
aspects of equipment maintenance in some detail. Chapter 2 
Provides a background into general PM terminology and 
Bene mes. In addition 1t also describes both theoretical 
w aeti cal PM policies which are generally accepted and 
widely used. Chapter 3 describes the Academy's PM program 
Mane overall scope, management techniques and 
A «۲ Procedures. = bUlLlding on the information of 
weren oS two chapters, the analysis of the Academy's 
program is performed in Chapter 4. The methodology used in 


acquiring the qata and the analyses themselves are 





nu ne duo uipmenteheescvory, PM program cost information 
wa Management methods are investigated. Specific 

E men meio wor Improvements within the existing PM 
rial are ofrtered. —Chapter 5 presents a proposal for an 
eal PM system at the Naval Academy. Because of its 
weni icant shift from the way the program is now 
established, implementation barriers are identified and 
recommendations for realization are provided. It is felt 
meee Many of the ideal program's features are applicable to 
a broad spectrum of equipment maintenance programs at 
agencies both inside and outside of the Navy. Chapter 6 
provides a management-type summary of the conclusions and 


commendations of the previous chapters. 





٠۰٠۰٠٠٠٠٣٠٠٠٠٠٠٠ ٠٠٦ ۷٦۱۷۹۷ ] ۷ ا‎ MAINTENANCE THEORY 


Preventive maintenance events are those routine, 
5۶٠٠۰٠٠٣٦73٣۲٢ 2365389555 such as equipment inspection, testing, 
۱8۳۱ ۱ ۰5 ۲۵۲۰ cleaning, minor adjustments and minor part 
replacements, which together share the goal of extending 
pundtding equipment life and avoiding unanticipated 
equipment failure. Some of the significant factors leading 
to equipment failure include the adverse effects of the 
environment, overload conditions, equipment misalignment, 
equipment age, externally imposed physical damage, 
lubrication inadequacy, and general material degradation. 
۲ئ٠٠٠‎ are involved with equipment failure, PM is ideally 
designed to lower overall life cycle costs associated with 
Es ment operation. These costs include not only direct 
Eng pment and PM labor and overnead costs, but also the 
weet Costs resulting from the disruption in services 
provided by the equipment. PM scheduling aspects, record 
Keeping requirements and management reporting systems are 
topics that have been discussed frequently in the 
۱۳۲ ۲ ۳۱۸۲ ۰ To date much of what has been written has 
۶۱ ۳۲۱8۲ been very theoretical regarding scheduling frequency 
of electronic equipment and authored by operations research 
analysts, or very practically oriented and authored by 
01751631 plant managers concerned with relatively 
precie Maeters Such as paperwork format and control 


procedures. Only recently does it appear that the gap 





between these two extremes is being bridged in the area of 
fee Mea UIL Che application of reliability 
centered maintenance to physical plants. This chapter will 
present a review of some of these PM concepts as they apply 
po facility equipment. 
2.1 Preventive Maintenance Concepts 

There are a number of ways to approach the equipment 
maintenance problem. One possibility is to do no 
preventive maintenance and react to each equipment casualty 
in a Crisis Management Style, performing corrective 
Maintenance or replacement only at the time of the 
casualty. A second alternative involves an austere 
inspection program whereby infrequent observations are made 
to determine which pieces of equipment are in the worst 
Snape, and then scheduling them for appropriate maintenance 
ae placement actions on a priority basis. Thirdly, 
Sppoertunistie maintenance could be done by 60۲16005 
maintenance on equipment to coincide with a major system 
AS nai. Still anotner option is to periodically replace 
aqulipment strictly on the basis of its age. Finally some 
form of preventive maintenance inspection could be 
scheduled, with resulting maintenance actions being 
performed which would enhance the safety, reliability and 
operating economy characteristics of the equipment 
"9 99 9 99 ور‎ 

As in almost any field of endeavor, the goals of a 


Docemieimeemance program Should include maintenance 
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efficiency, operations effieciency and fiscal efficiency 
, National Breamsotsstandards, 1982). A proper 
Pomvinationm of the approaches mentioned above, tailored to 
۳۱ eno s individual Circumstances, would greatly assist 
in the attainment of those goals. Little has been done in 
the past by maintenance managers to upset already 
implemented and accepted, but not necessarily effective 
equipment maintenance policies. In all fairness most 
maintenance managers are very capable people who are faced 
Da unseccurbssnege 1111 ظة‎ 1525 in human resources, bureaucratic 
meerertency, Organization adaptation, equipment 
gentarnabrlity, physical environment, and funding support 
in all their areas of responsibility (James and Green, 
SS BM SS usually and unfortunately ignored or 
relegated to a low priority because its benefits are not 
eivays immediately apparent or fully appreciated by the 
Metnvenance manager's supervisors. Subsequently, risk and 
the rate of equipment failure increase due to a lack of 
Me manes acrentien, sang amyıselous eirc)e ensues as more 
and more resources are devoted toward breakdown 
maintenance. The end result is a costly maintenance 

op ration because of increased inefficiency. 

The cornerstone of an equipment maintenance program is 
preventive maintenance. PM programs typically feature 
scheduled PM inspections, the frequency of which are often 
based on ultraconservative and antiquated estimates of the 


۳ ۳ chececuipment.- Under sueh systems, emphasis has 


1% 





EILUMcccdc ON Werving the mechanic to do things right, but 
MT le attention TE ٣ئ٠٠٠‎ ad EO doing the right things 
(Smith and Matteson, 1985). The following sections in this 
we Er will touch on the theoretical concepts and 
u ve PM policies "Currently available to maintenance 
managers. 
E Theoretical Preventive Maintenance Policies 
Theoreticians use mathematical models to try to 
EDD Oo events which occur in the real world. Maintenance 
E are designed subject to the following conditions: 
a)state of the system including age and overall condition; 
maintenance actions available, e.g., inspect, repair 
and/or replacement; c)time horizon involved; d)knowledge of 
Er ۷/۵6۵ including costs and failure distribution; e)type 
model, 1.e., stochastic or deterministic; f)objective of 
the system model; and g)methods of solution, e.g., linear 
regression (Perskalla and Voelker, 1976). In general, 
۳۰۰۰٠٠۰۰۱۶٦٠٣ Maintenance models can be classified into two 
broad categories: preparedness models and preventive 
montenance models. In each type, equipment is assumed to 
fail stochastically. Preparedness models further assume 
that the actual state of the equipment is not known with 
EN certarnty, while preventive marntenance models assume 
Hr ۲۱ Lale s known with certainty. States are bounded 
by "new" and "failed" conditions with different degrees of 
deterioration reflecting intermediate States. Equipment 


condition movement from state to state is governed by 
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proDpabllity mechanisms which are either known, partially 
known, or unknown (McCall, 1965). 

1 ۱ ed fauce distribution which accurately 
describes equipment benavior is difficult and often 
dependent upon individual equipment and system 
Mo cteristics. TES th DUrposes of this thesis, data 
755۲7۹159۹ will be performed usinge linear regression with 
some comparison made to the characteristics of the Weibull 
Aseo ribution. 

IA لل‎ is can accepted distribution 
used to deal with complicated systems whose operation 
relies on the individual components that make up the 
system. Dynamic equipment falls within this category. The 
٣۰۰٠۰٠٠٠۰۰٦۱٦٠٦٦ 17۰5٣ ۲۰٠۰٦٠٦ ٣10٦1" ts defined by its density function 
ich is 


ae 


oo z 2 3 7 5i 
27 


oN‏ هم 
a | >O‏ 


` Get 
۱۱۲ دول ات‎ of the density tunetlon are provided in figure 


e=|. The resulting hazard or failure rates as defined by 


2 
nl): Butt', هداج‎ 


shows the failure rate of equipment for different values of 
Peva.Summins Che Curves of figure 2-2 in figure 2-3, the 
دا‎ "“batmuub" curve results. Intuitively this curve 
is easy to accept because new equipment experiences failure 
at a faster rate due to the cumulative effects of chance 


۱ ۳ ۱۱۱۱ bugs" present in such equipment. The 
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Figure 2-1. Weibull Distributions 
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Figure 2-2. Weibull Hazard Rates 
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Figure 2-3. Bathtub Curve 
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NI MA ٠٠٦٦٦٦٦-٣۰٠٢ 5 3 constant rate by chance until it 
Begins to wear out at a faster rate due to the added 
۰۱٦11 ٦16907 of advanced age. 

IE ٥٥٠ ۱۷۷۷ ۰۹۰۰۰۰٠٠۰٠۹۰۰٠٠٠ di fect the performance of 
equipment. Generally PM is broken down into two 
aso ries: PM inspections and PM actions. PM inspections 
olive little more than an aural and visual observation of 
BNcgutpment in operation, perhaps augmented by some small 
Mearncenance task Such aS Minor lubrication. PM actions go 
beyond inspections to the next level of maintenance when 
meme Cquipment requires minor repairs or adjustments. A 
A c igntening of a ventilation units «kan belts is an 
example of a PM action. Figures 2-4 and 2-5 graphically 
indicated how PM inspections and actions might conceivably 
affect equipment performance as compared to the number of 
Preaxdowas. More PM should usually result in fewer 
beeakdOwns than would occur if Little or no PM was 
performed. PM actions snould have a more positive effect 
Pieter nspections, and the relative slopes of the curves 
indicate this. The relationship between PM and breakdowns 
15 assumed to be linear Since it 1S mathematically simple 
K mine ۱ ای‎ Still accurate enough for the 
Pocceıcar purposes of analyzing the effects of the Naval 
Academy's PM program on equipment performance. 
223 Practical Preventive Maintenance Policies 

۸۰۰۰٣۰٣۰۶6٦7۰7۶ maintenance program can be based on 


EIN r j S rn ene condition, or a combination of the 
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Figure 2-4. Effect of PM Inspections on Breakdowns 
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two. Periodic PM may be scheduled as a result of the 
Bassage oí calendar or equipment operation time. Condition 
based PM requires some method of equipment inspection 
Ador monitoring. An optimal PM policy minimizes ehe 
۳۳ ۱ cost resulting from both inspections and equipment 
fallures while maximizing equipment availability. The 
different types of PM policies currently being used are 
termed preparedness, sequential, periodic and reliability 
Based (McCall, 1965). 

Preparedness PM policies are designed for equipment 
Chat has been placed in storage to be used in an emergency. 
As a result, tne type of PM program chosen is intended to 
maintain an acceptable level of equipment readiness. This 
moe Of PM policy nas little practical value for most 
facility maintenance managers and will not be discussed 
further. 

The second type of PM policy in use is the sequential 
ااه‎ 51167: AS it و1‎ primarily concerned with equipment 
mr@gereoing rapid vechnological changes, this policy is more 
concerned with equipment replacement than equipment 
uwsmvenance. itt, too, has little application for most 
facility maintenance managers. 

The most familiar and widely used maintenance strategy 
wero ۲۰۱۰٠۹ ٠٠۰٣٣۹٠۰٠٠٦۰٠٠۹ ۳٦٣٦” 7 71685: 1S inspected on a 
predetermined periodic basis and repaired when defects are 
(em e a 'AÓEshRE 1s given to equipment 


replacement under this policy. Breakdowns are frequently 


۳ 





very disruptive and are generally responded to ina crisis 
0٠0 1525-1211 شد‎ 182: 112 most salient feature of periodic PM 
Ms its ease of being understood by all who have to work 
meN lt. 

Unfortunately many PM inspections performed in 
E 10041 EM systems are invalid, unnecessary and redundant. 

Because the PM workload is often given a low priority and 
frequently overwhelms the manpower resources of a 
Maintenance staff, scheduled inspections frequently are not 
done, and/or the actions that are taken involve hurried and 
faulty workmanship (U.S. National Bureau of Standards, 
7982). In such cases the PM program is almost worse for 
the equipment than no program at all. 

The newest PM policy being practiced is that of 
reliability centered maintenance (RCM). First successfully 
used by United Airlines beginning in 1965 for aircraft 
maintenance, RCM has recently crossed over into facility 
Slant Maintenance. RCM assigns maintenance tasks which are 
directly related to equipment failure modes, the risk of 
۲ ۰1 eS, and their consequences. Five steps involved in 
one RCM process for physical plants are: 1)Information 
Esueecrtron--plant design, maintenance history, operating 
Meoeeaures, etc.; 2)ldentification and Partitioning--a 
breakdown of the plant into subsystems; 3)Requirements 
Analysis--a breakdown of significant subsystems in terms or 
Ae modes. fatlure consequences, failure history, 


built-in redundancies, etc.; 4)Preventive Maintenance Task 
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Eee ron--type and frequency of PM, and/or repair or 
replace recommendations, and/or recommended plant design 
changes; and 5)Packaging--an assembly of a complete 

۳۱ ۱۱۳۶۱2:06 plan (Smith and Matteson, 1985). Although this 
aber deals with facilities other than physical plants, 
many of the concepts of RCM can and will be applied to 
gcneral facility equipment maintenance in subsequent 


chapters. 





A ES CARBONO U.S. NAVAL ACADEMY PM PROGRAM 


The Public Works Department of the U.S. Naval Academy 
5ت 6 شكس‎ 00151216 for maintaining facilities with an estimated 
۰۰۱۹٥61166 cost of almost two billion dollars and an 
annual viewing audience of a few million visitors. Like 
Miner Navy activities worldwide, one aspect of the 
Academy's facilties management effort is its Preventive 
meenrenance Inspection program. This program is based on a 
periodic PM policy. In 1983 the Academy scheduled 44,244 
manhours of PM and accomplished 38,101 manhours through its 
۳۳ Service workforce. PM generally accounts for about 
5,5% of the Department's Maintenance Division workload in 
terms of manhours expended, and the 1983 manhours 
accomplished translate into an estimated annual cost (1985 
EN D»: or about a nali million dollars (USNA, 1983 and 
1985). Table 3-1 is a summary of annual PM inspections 
G Or down by work center or snop. Table 3-2 is a 
mee rca version of the Academy's priority matrix for work 
accomplishment (USNA, 1979). Of eleven prioritized 
elements, Wiwemenumber one being most critical and number 
eleven least critical, routine preventive maintenance is 
Da lowly eighth.: On a similar scale for Navy-wide 
cit applications ¿tre relative ranking of routine PM 
i ح‎ same (U.S2 Navy, Nov 1977). 

Virtually every piece of dynamic equipment at the 


Nac acen) us aneluded in the PMBprogram. Scheduling 
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Table 3-1. Total 1983 Naval Academy PM Inspections 


"No time added for travel, etc. 


Number of 
Work Center Inspections 
O4 Machine Shop 10,055 
06 Electric Shop D 
07 Air Cond & Ref 10,95H 
08 High Volt Dist 638 
19 Environ Control 1001 
19 E/S Perry Center 668 
TOTAL 28,439 


Minimum Avg Time 
Manhours, ۶ le 
Required PM Check 
5,374 .53 hrs/ job 
a Nem OD 
ma .66 hrs/ job 
2027 .62 hrs/ job 
871 .87 hrs/ job 


2,292 “۶ +0 





20 , 9 .72 hrs/ job 


Table 3-2. Naval Academy Priority Matrix 


EMERGENCY 
9 LT ONAL 
KET PRIORY 








IMPORTANCE LEVEL 
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Nu ueney 15 based primarily on past practices, e.g., pumps 
erereelmost always inspected quarterly because that is what 
has traditionally been done. In their equipment handbooks, 
most manufacturers leave the PM scheduling up to the user 
Because of the variables associated with environment, 
loading, use, etc. Other sources of recommended PM 
meoaguency have periodicities for different types of 
equipment which fairly @losely resemble those used by the 
Beademy (Grothus, 1976; Sack, 1963; and Seboda, 1978). 
Dane ao cono ver tre EM program rests with 
Meee Public Works Department's Maintenance Control Division. 
= sentially one person administers the PM program in this 
011151011. The Maintenance Control Division is a separate 
Soy from the Maintenance Division. The latter actually 
Performs the PM with some of its approximately three 
mired personnel. In fact these two divisions are the 
prime players in a oneck and balance arrangement. The 
Maintenance Control Division does the estimaving for the 
work and schedules it on a monthly basis. The Maintenance 
Division refines the schedule to meet its daily needs and 
atea l performs the work. As a governmental entity, this 
EI crono functions is necessary because it helps 
alleviate the possibility of waste and abuse of materials 
NNNM bOrewithin the department. Variantes (materials and 
labor over/underruns, etc.) associated with a job are 
identified, investigated and resolved between the two 


divisions. Another advantage to this organizational 
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meeanecemens results from the distinct assignment of job 
E -ponsyrbrirozres. Each person's role is clearly defined 
and the expectations associated with a role are well 
understood. From an operational standpoint, nowever, there 
EN onceernerliiciencyownvotved in this type of organization. 
Redundant site visits by various members of both 
۳۰۰۰٠۰۶۰٦60. , andythe tendency for the estimator and foreman 
1111ل 3ن‎ in their approach to a job are two such examples. 
But generally the system works well. 

ANS portan tevorzsın PH is parts supply. This 
wen issue which will not be discussed in this thesis 
BE Suse rt is not the responsibility of the Publio Works 
Department. 

Up until 1984, a month's workload of PM inspections 
were passed to the Maintenance Division ina hard card 
۱۳9 a Samplewof whieh 3s provided in exhibit 3-1. This 
sd identical on front and back, provided basic equipment 
m cr Lion and listed in numeric format the PM check 
points that were to be accomplished on a given piece of 
equipment. These check points are described in Navy 
publication NAVFAC MO-322, a sample page of which, 
mem nesponaing to che exhibited hard card, is provided in 
Ern. On the Gard the mechanic indicated what type 
of maintenance action he performed. These cards were then 
returned to the Maintenance Control Division where they 
were held until the next inspection cycle. 


imine tier te Lomaagiimisvratively refine the PM system, 
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Check point 


— — MM MM .OQJ— n a 


MAINTENANCE INSPECTION/SERVICE CHECKLIST 


MOTOR/PUMP ASSEMBLY 
Guide No. 


Description 


Safety — Comply with all current safety requirements. 
Check for leaks. 
Check gauge glass. 


Check for leaks around pump packing gland. Repack, replace or 
tighten as required. 


Lubricate pump. 
Check oil level in reduction unit. Add oil as required. 


Lubricate electric motor where applicable. DO NOT CVER 
LUBSICATE. 


Check relief valves for proper operation and pressure reiease. 
Adjust as required. 


Check motor for excessive noise or vibration. 
Clean filter and strainer. 
Check all pipe hangers and supports, tizhten if necessarv. 


Check for rust and corrosion. Remove rust and corrosion and 


apply paint where applicable. 
+ 


Inspect wiring and electrical controls for loose connections; 
cnarring, broken Or wee insulatıon; evidence oil shor: errzult- 
ing, and otner deficiencies. Tighten, repair or replace as 
required. 


72 


Exhibit 3-2. PM Checklist 
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, 
| 
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ee FM hard card was replaced with a word processor 
generated paper sheet in 1984. This sheet, as shown in 
exhibit 3-3, essentially provides the same information as 
nara card, bub im a Slightly less “user friendly" 
form. The new sheets had three pieces of equipment listed 
per page and could not be as easily arranged by the 
s ۱ inca loticabemanner by Location as the old cards 
could. Since new sheets were generated each inspection 
were, they did nor provide for a snapshot carryover 
maintenance history on a piece of equipment as the old 
cards did. TIn both the card and sheet systems, if the 

a lo identified a discrepancy he could not repair on 
mem sDOU, 1t was written up on an inspector's report and 
٣۰٠٠٠٠٠٠٠٠ the Maintenance Control Division. They then 
initiated some form of work order depending on the scope of 
Mie work involved. Also in both systems, equipment 
breakdowns were documented using the emergency and service 
٣٠۰٠۰٠٠۰٠۰ uthorization form depicted in exhibit 3-4. 

Currently the Naval Academy is transitioning over to 
yet another administrative PM system. This one is the 
pest of a recently arrived, Navy issued, mini computer 
based facility maintenance system known as BEST, an acronym 
No uPSse Engzrneering Support Technical. PM is one of the 
Beitware modules of the system which includes modules for 
most Navy Public Works Departments' functions. The Academy 
۱۰ که‎ Ol Lhe 11151 of many Navy activities to receive 


ce real Seta ereat deal of work required to input 
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Exhibit 3-3. PM Paper Sheet 
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Exhibit 3-4. Emergency/Service Work Authorization 
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۳ 1۱ ۱۱۱۲ ها‎ inventory into the system's database and then 
۱5 011لا‎ 7 tne appropriate check points for each piece of 
equipment. A sample copy of the BEST PM workorder provided 
em nie mechanic iS shown in exhibit 3-5. 

Preanizarvtonally he actual PM workload is apportioned 
E WE the appropriate Maintenance Division trade specific 
an pS which are staffed with mechanics from the various 
eae r uction trades. Rach shop foreman is responsible for 
E "ng out pis assigned month's PM workload. Prior to 
1982, there was a single designated PM Shop consisting of 
۳۰۰۰۰٠٠٠ 6 ۲۱ 7۶ mechanics from various trades. This shop had 
Mies pons1ib111ity for performing almost all of the 
Ecc ده‎ FM functions. Management decided to disband the 
We nop and disperse the mechanics to the trade specific 
Ama دور ۱ ال‎ Of leveling out the manpower resource 
Ni emel: in trae trade specific shops. Within the 
Pena ۱ ۱ ول و‎ traerertexists two multi-trade 
smersgency/service shops designed to fix those broken items 
which require less than sixteen manhours to repair. There 
Mono easy way to compare their repair records with the 
TD MODS FM records in any of the three PM systems or 
۳ دا‎ FM Organizations the Academy has recently used. It 
BEN 2 7 cur vosobUsTtHU HecoUPHLOe cost data associated 
Sch the PM program. Consequently little analysis of the 


program was ever done at any level of Academy management. 
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CHAPTER 4 ANALYSIS OF THE U.S. NAVAL ACADEMY'S PM PROGRAM 


Iyeical ot most maintenance Organizations, the Naval 
Academy has not devoted a great amount of management 
NSIS effort to the PM program. Things have 
organizationally and administratively changed over the past 
few years as has been noted, but the consequences of the PM 
poe ram on the equipment have not been studied. This 
Chapter will deal with the issue of the relative success of 
Pre. Academy's PM program based on historic data. 

۱۳ information Gathering 

The Naval Academy is often considered to be a unique 
Navy activity in that it has the reputation for being more 
than adequately funded because it is, in many ways, the 
Navy's showplace. Although this impression is true to a 
degree in some areas, equipment preventive maintenance does 
not share in the limelignt. In addition there are many 
٠0 0111-1-5 that the Public Works Department maintains which 
010556117 resemble facilties at a "typical" Navy base. Five 
۰۲ 1111525 of this type comprising a cross section of age, 
mechanical system complexity, and purpose were selected for 
study, as well as one relatively new academic building 
HN noconvarpns a multitude of mechanical systems requiring 
۳۱۳ These buildings are described in tabular form in table 
I nce mechandreal equipment accounts for the vast 
na GOI cherPM workload, only that area of PM will be 


۱۷۷ اس‎ << ۱۳ 2۳۵ extensively rehabilitated 


HE 





Building 
Number 


09 


58 


46 


Year 
Built 


1970 


1966 


| 


1942 


1941 


Table 4-1. 


De 


Ace Size (SF) 


=> 
La) 


= 


۱ 


41,000 


30,000 


6,200 


61,000 


Pieces of 
Mechanical 


selected Facilities by Age 


Equipment Building Use 


2 


2 


2 


Academic building, also 
contains large mechanical 
rooms providing academic 
complex support 


Central Heating Plant, 
provides high temperature 
hot water as heat source 
throughout Academy 


Public Works Department's 
Shops spaces 


Recreation building, 
contains gymnasium and 
cheaver 


Naval casıon administrative 
offices 


Enlisted personnel 
barracks and galley 





buildings at the Academy characteristically are more 
K 12211653111 complex, and thus require more maintenance 
emeenvion than older buildings. This is generally the case 
۶۱ ۲۲۱6 bulldines selected for study, although the 
لاا‎ 101118525 purpose is also a factor. 

even ۷6 mikki Rance records, both hard. card and 
paper sheets, were obtained for the mechanical equipment in 
Mies selected buildings for the years 1979 through March 
1985. A history of mechanical breakdowns were obtained for 
1979 through June 1980 and June 1982 through March 1985. 
Unfortunately the missing two year periods' breakdown 
records had been disposed of. The raw data gathered is 
Brovided in appendix A. Field interviews were held with 
Bae division directors of the Maintenance Control and 
Poem cvemance Divisions, as well as the PM program 
٣۰٠٠٠٠٠٦٦٣٦ ٣۹ ٣ہ‎ ۶٣٣۰. shop foremen and PM mechanics. A visit to 
ren or the buildings being studied and an inspection of 
their mechanical equipment was also conducted. Data 
eeeuracy was assumed to be good, although a minor problem 
ÎS created by the different expertise and motivational 
۱۳ ۱5 of the mechanics involved in the program. But 
because mechanics were frequently rotated within the 
program, this effect was assumed to be negligible. 
۲ bata Analysis 

Figures 4-1, 4-2 and 4-3 graphically show the numbers 
95 PM inspections, PM actions and equipment breakdowns, 


Beer erıvely, chav were experienced between 1979 and March 
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E D ) PM inspections remained at a fairly constant level 
Euer the Nard card system through the organizational 
change in 1982, continuing on into 1983. The paper sheet 
system, implemented in 1984, has been a disaster in terms 
۱ ۱5 numbers of PM inspections being done each quarter, 
EE though the number seheduled for accomplishment has not 
Emced. One major reason for the drop off is the 
cumbersome and fragile form of the sheets themselves. Many 
mS MICS each month literally try to cut and paste the new 
Sheets togetner so they can be put into a more logical 
geographic or equipment related sequence. Notes such as 
MRS” Closest to the wall" and "motor warm, check 
serully," which were on the hard cards, are lost from 
EUSpeotion to inspection because new sheets are generated 
Nu each inspection cycle.  HReseheduling of non-completed 
Nmusuatly oceurs, but the PM is not always accomplished 
٠۶۰ص‎ ۰٣ ب٠٦٢‎ nümber of PM inspections scheduled each month. 

۶۰٠٠۰۰٢٠٣٠۷٠۷٠۷۷ ٠٦٦٦.۳٣٣6 >1 ٠٣٠٠٦ 11۷777۸٦ تا‎ wien responsibility 
for PM was assigned to the trade specific snops in 1982. 
iey were Maintained atv a relatively high level until the 
paper sheet system was implemented. Because there is no 
Fre onhe sheet to document any repair action taken 
Sai aneii@spection, Virtually none was documented. 
ل لسرا سم‎ CNIS Inportany, piece Of equipment maintenance 
feo lorry was lost. 

Oem men coupe given To the fact that the new 


baper sheer system was experiencing the effects of a 
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۱۳۳۱۱۱۱۱ curve during 1ts initial implementation. 
Unfortunately the system's faults seem to be much more 

3 ۲1 نان‎ amd lasting than that. The administrative burden 
oI the sheet system is hard on the mechanics as well as the 
ENorogram administrator. The cards, complete with their 
٣۰٠٠٢٢٦٢ ٠٢ of PM history, were durable and relatively easily 
ced NEO filed im a visible file index. The sheets are 
unwieldy and are typically placed in cardboard boxes after 
EM ursory review. 

Diemer On brea.douwns Gduning the period displayed a 
general rising trend, probably due to the increasing age of 
the buildings studied. More analysis will be done on the 
mao wect of breakdowns on a building by building basis, and 
ENESO by Studying the patterns of breakdowns over the 
Spectrum of all of the buildings! ages. Overall anywhere 
from about two to nine percent of the equipment broke down 
my a given quarter. 

Three important relationships were examined for each 
building on a quarterly basis. They are 1)the number of 
breakdowns versus building age, 2)the number of PM 
Inspections versus the number of breakdowns, and 3)the 
number of PM actions versus the number of breakdowns. 
mear regression analyses using the method of least 
squares were performed. The mathematical results of the 
analyses are provided in table 4-2, while a discussion of 
۳ ۲ ۰ ۰۸ 9 «( follows. below. 
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eorrelatjion coefficients for each of the relationships by 
building were fairly low. What was significant, however, 
MSIE” tae Trends exhnibived by almost all of the 
melationships when compared on a building by building 
Pasas. For example, figure 4-4 shows Building 590's graph 
۳۱۲ ۲ number of breakdowns versus the building's age, with 
the plot of the linear regression analysis relationship 
included. The result shows the tendency of the equipment 
failure rate to increase over the building's age span of 
from four to ten years. Similar outcomes were produced by 
Meat Of the buildings when this relationship was studied. 
The only exception was Building 46 which showed a slight 
ria trend in breakdowns 0112128 وال‎ thirty-eight to 
Tort, four year old time span. 

۴۳ ۰۱1: there was nos emoush dal T available on any one 
Bee O study it over its entire life, data for all the 
buildines' mechanical equipment breakdowns on a per piece 
Of equipment unit basis were plotted relative to the age of 
۳۳-۱ 2 ۲ ۱۲۲ ۰ this is Shown in figure 3-5. Virtually 
Without exception, the mechanical equipment in these 
۳۲۱۱ ۱ 1 ۱2 ys Originally installed equipment. Consequently 
E ploii provides a good estimate of the failure rate of 
mechanical equipment over time. Three distinct timeframes 
of building age are present and were individually analyzed. 
They are 4-10.5 years old, 12.5-19.25 years old, and 
n 6 G 3 oE IJ UT O results of the linear regression 


analysis are provided and compare favorably to what was 
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۴۰۳۳۲ given the Weibull distribution. Equipment early 
Mets lite breaks down at a relatively faster rate until 
E DUS" are worked out. rhen a period of a relatively 
constant failure rate ensues until the equipment starts to 
feel the effects of old age when the failure rate increases 
again. 

8۱ next relationship studied was the number of PM 
NuEDeetrons per unit versus bréakdowns per unit on an 
annual basis. Figure 4-6 shows the plot of this 
Sama tronsnip for all mechanical equipment. The points are 
identified by the building number and age. This summary 
meow tS consistent with the trends exhibited by the 
dual buildings. It shows that inspecting the 
equipment does have a positive effect on equipment 
performance. 

۳۰۰۰٣٠٣٠٠٠٠ 1٣٦۹۰٣۰٠۷ 5٥٦٦۷۰ ٣۷٠۷۷۷۹۹٦٦٦۷۷ ٣6 ٣٠٠٦ 0٣٠ت ت‎ analysis was the 
Ilo r of PM actions per unit versus the number of 
breakdowns per unit on an annual basis. Here again the 
individual buildings tended to demonstrate that PM actions 
had a positive effect on equipment performance, although 
۶۱۱۲۱ 11 و۵‎ 46 and 59 experienced no PM actions over the six 
Meer period. The plot oí this relationship for all 
mechanical equipment is provided in figure 4-7. The 
results of the analysis for this regression are somewnat 
Pug priscinge One would expect the slope of this 
relationship to be more pronounced than the slope 


associated with the relationship between PM inspections and 
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breakdowns. The fact that it is not indicates that PM 
ادن‎ |0015 are not quite as beneficial to the equipment as PM 
inspections are. 

Mio aero stud tie Correlation of PM actions to PM 
mm@opeCctTions further, the percentage of actions to 
inspections performed was determined and plotted in figure 
۳ ۲ Jump in the final, quarter of 1983 is the result 
of an average number of actions performed, with relatively 
few inspections completed. This is because the transition 
to the new paper sheet system was just getting underway. 
Not including the data for 1984-85 since the sheets did not 
provide a space to indicate PM actions taken, the average 
percentage of actions to inspections was 2.18%. Even in 
the "peak" of PM action accomplishment in 1982-83, the 
average was only around 3%. So for every one hundred 
peces Of equipment being visited, only about three were 
getting extra attention. 
ost Analysis 

Overall the maintenance data indicates that the 
Academy's PM program has been a success in positively 
affecting the mechanical systems’ equipment for the better. 
lbNememexeequestion that arises 15, "But at what cost?" 
Figure 4-9 portrays the trend of the direct costs 
associated with a PM program. Maintenance costs are 
incurred every time maintenance is performed. The 
replacement cost of a piece of equipment decreases over 


time because of the time value of money (a dollar today is 
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Morth more than a dollar tomorrow). One objective of a PM 
program 15" to minimize the total life cycle cost. 
Eu rctunauPlyv Obtaining accurate cost information on the 
Academy's PM program in any of the recent PM systems is 
8۲ ۱ ۱0۱۸ The method of "faving job orders cover a variety 
buildings and equipment does not allow for cost 
Erpresatıon in a manner that is useful during a 
comprehensive analysis. 

Figure 4-10 shows the costs involved with a $200 piece 
of equipment over time assuming a five percent annual 
we Cunt or inflation rate, $15 per hour maintenance rate 
Ebor and$minor repairs included), 0.5 manhours spent per 
marteriy or semjamamual inspection, and a forty year 
SA ment Mile span: The total costs for both inspection 
frequencies are also plotted. The graph shows that the 
AentanavalA inspection policy, as expected, costs much less 
man che Quarterly inspection policy at any given time. 
Maintenance becomes more expensive than the replacement 
Posts around year nineteen for the quarterly inspection 
frequency, and year twenty-six for the semiannual 
Mispection policy. Building 590 alone has approximately 
nono. تن ات‎ ۱۲۱۱2 ۳ ۱ ۲۱3 aNd sump pumps which cost about 
$200. If their PM frequency were changed from quarterly to 
semiannually, an annual savings of $600 and, perhaps more 
NITO tanto che Naval academy, forey manhours of labor 
would result. Figure 4-11 shows the direct maintenance 


Wan ee $200, $500, $1000 and $2000; 
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and experiencing weekly, monthly, quarterly and semiannual 
Mit nSpectlons assuming the same conditions as before. It 
is provided so that other combinations of equipment and PM 
costs may be investigated by the reader. 

mentioned previously, more than the direct costs 
woe accounted forin a PM program analysis. There are 
also indirect costs associated with equipment failure. 
۱۳۱ Sse may include manufacturing process or office 
productivity losses from those dependent upon a mechanical 
arken for support or comfort, ana physical damage to the 
۱۴۲۲ 01ت‎ 21122555 surroundings. In Building 590, for 
Sample. a failed $200 sump pump may result in millions of 
dollars in damage to sensitive academic laboratory 
equipment. The risks involved with the breakdown of 
equipment can be mitigated through an understanding of the 
00 0351115165 of equipment failure. Practical applications 
of the theoretical concepts presented earlier as well as an 
analysis of the equipments! maintenance history can help 
EI sh ppobpabilyty ot failure Limits. Indirect costs 
associated with equipment breakdown can then be factored 
۱۱۳ The total cost equation through adjustment of the 
18۰۲۱۲ 50:1 COSLS by the probability of failure. There are 
Pisco Important intangibles which must be considered. The 
Tal Window air conditioner better work each time he 
۶۰۰٢۰٠٠٢٠٢۰٠ On, or else! 

Stier than alr compressors which regularly experienced 


re ٠٣16٣٣0٣0 ۲167۰۰۱7 0 01070041 piece of mechanical 
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equipment broke down in consecutive quarters, whether PM 
Was performed on a regular basis (pre-1984) or not (since 
January 1984). In terms of preventive maintenance, only 
Nien new belts were installed on ventilation units were 
adjustments required in consecutive quarters. One 
particularly interesting piece of equipment studied was a 
۱۱۱ ۱۱3 0۵۲ unit in Builaine 590. That unit never had 
preventive maintenance performed on it because scaffolding 
Was required for access, but was never provided. It took 
meme years for that piece of equipment to fail. 
Consequently it appears that some of the mechanical 
equipment is being over-maintained, and precious manpower 
Mma funding resources are not being efficiently used. 
4.4 Management Analysis 

All levels of maintenance personnel at the Naval 
Academy have been voluntarily and not so voluntarily 
eulegected to three different PM systems and two different 
PM organizations in the last three years. The current 
paper sheet PM program was a noble effort at trying to 
streamline some of the administrative burdens of the old 
Aru Cara System. As noted the new burden has turned out 
to be at least as bad as the card system was, and now less 
equipment history is maintained. The Navy designed BEST 
mini computer system, created and installed in a 
bureaucratically swift five years, lacks some 
sophistication and capability in the area of preventive 


maintenance, especially when compared to today's 
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technological potential. Except for the added features of 
۹۳۳۰۲۱ C CSLIMatiINg, written out checkpoints for the 
mechanic, and spaces for remarks by the PM administrator 
pememechanicjs BEST is very much like the paper sheet 
system. The same magnitude of paper will be going back and 
mT between the shops and Maintenance Control, and in all 
meeetinood the completed BEST PM work orders will end up in 
۳ 5 ۲۳۱ program administrator's cubicle in a new box right 
beside the old boxes filled with completed paper sheets. 
mem probably will not have the time to read all of the 
remarks coming back from the mechanics, much less will he 
ee bole to enter all of chem into the computer's database. 
Understandably the PM mechanics will complain about another 
change in the system and go through another learning cycle. 
As has happened in the past, the PM mechanic will identify 
Me@essary equipment repairs too big for him to fix, and 
chances are the equipment will not be repaired before his 
meer Inspection cycle. After a few instances like this, 
۲۱ PM mechanic will, out of frustration, stop identifying 
Esnewpment deficiencies. TIhrough it all, hopefully, the 
equipment will keep on operating. 

Any attempt to determine the effects of preventive 
ieee trenance will be assisted by BEST only in retrieving 
breakdown information from the emergency/service module. 

PM records will nave to be manually perused much as they 
Noi ts study. ALC most, if not at all Navy 


activities, there Just are not the resources available to 





o aecrenpgchy analysis this sort of investigation 
Requires. 

The Academy's PM program and the PM software module in 
E's! borcrh suffer from a lack of commitment to equipment 
preventive maintenance. Public Works maintenance resources 
meer understandably reacting to the intense pressure to make 
memes "look better.” The more glamorous construction and 
00105111517 Maintenance jobs of larger scope receive the bulk 
of the maintenance manager's attention, and his management 
meols reflect this. AS with many maintenance organizations 
in and out of government, the Academy's PM program is an 
easy area to neglect wnen faced with competing demands 
Because its effects, both good and bad, are not immediately 
apparent. 

The Naval Academy's maintenance managers have 
Recently, much to their credit, begun aggressively 
attacking the problems in the preventive maintenance 
program. One immediately pressing need is to make the 
issue itself more manageable. There are simply so many PM 
checks being scheduled eacn month that they overwhelm those 
Mmierved with the program. One of the first steps should 
Remco drastically Cul back in the, inspection frequency 
requirements. Based on the results of the data analyses, 
most mechanical PM check frequencies could probably be 
decreased one level, especially from monthly to quarterly 
ana quarterty to semiannually, without a noticeable loss in 


equipment reliability. Extremely critical pieces of 


56 





Egumpment,. of which there are few, could be left on their 
current PM schedule. Fewer PM checks, if carried out 
ts ently, would probably result in better equipment 
performance at a lower cost than the present system 
puedes. One could argue that the current system's 
Breauent maintenance scneduling is the reason for the good 
equipment performance record. But only about half of the 
schedule has been completed in the past seven quarters with 
little, if any, equipment failure increase as a result. 
Once manageable, refinements of the schedule could be made 
۲٩ determine those pieces of equipment requiring extra 
EM -utron. Scheduling should also be arranged, as much as 
pnosemble, so that heating, ventilating and air conditioning 
Systems are checked prior to their period of heaviest use, 
۳۲ 2111ل‎ heaters in early fall and air conditioners in 
early spring. 

nemo. TNE Problems IED CNE PM program in its present 
Semareion iS that the PM mechanic who finds a discrepancy 
in a piece of equipment during an inspection probably is 
not the person who fixes it. More time, somewhere in the 
memenbormood of a couple of hours, should be given to the 
PM mechanic to fix the equipment on the spot when 
necessary.  Inefficiencies arise when planners ana 
estimators are involved simply because another mechanic has 
to relearn the problem, more forms are required and more 
pa are taken to the site. 


The Academy is essentially required to use the BEST PM 





pia ventana Should bey to use if to its full potential. 

This will mean the continuation of loading the equipment 
INuopbmatyon into che system's database. Some provision 
should be made to provide some clerical help to the program 
Peis trator so that the remarks off of the completed PM 
workorders can be both loaded into the database and acted 
o by the administrator. In this way some type of 
equipment maintenance history will be stored and the 
equipment itself will be better maintained. Training of 
the PM foremen and mechanics on the BEST system work orders 
Should also be done. 

۰ ۱۳۱ hezeompletre implementation of the BEST PM 
system is still some time away, the Academy should revert 
Peek to the old hard card system in the interim. The cards 
ere still available and reasonably up to date and accurate. 
This will cut down somewhat on the administrative burden of 
those involved with the program, and restart the equipment 
Maintenance history files. Breakdown history should be 
looked at quarterly using the BEST emergency/service module 
to see if there are any pieces of equipment which require 
extra investigation or attention. 

Organizationally the assignment of PM to the trade 
specific shops seems to have worked reasonably well, 
su euchelabpely the machine shop has had other priorities 
Miren? causing some OI their burden to be shifted to 
Da me leerer ie shop. Continuing with this basic 


organization, the Academy misht want to experiment by 
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considering the permanent assignment of one or two skilled 
De nanies full-time to a building or set of buildings. 
These mechanics would be responsible for both the PM 
program and routine emergency/service repairs in the 
building. In this way they could become intimately 
familiar with the equipment, its users and benefactors, and 
hopefully develop some “pride in ownership" with their sole 
responsibility. The mechanics would also begin carrying 
Me” equipment history database in their heads, rather than 
E32 it only on the cards or in the computer. This 
concept was successfully tested at the Navy Public Works 
enter in San Diego, California, among other Navy 
activities, and has become an accepted way of doing 
business there. Not only has the equipment performance 
improved at those activities, but so have relations with 


serviced customers. 
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O TIT ST TT OTOSAL TOR AN IDEAL PM PROGRAM 


E ۱۰ Dp و۲۵۱‎ ۲ ۰. the goals of a preventive 
maintenance program should be maintenance efficiency, 
ER tions efficiency and fiscal efficiency. One of the 
problems for Navy maintenance managers in achieving these 
goals is that they are operating under a standardized and 
accepted preventive maintenance system whicn is perceived 
to work, relies almost exclusively on a routinely scheduled 
Eunspection program, is nearly impossible to analyze and 
gıfficult to change. There is relatively new and growing 
Merest, however, in making the Navy's facility 
۳۲ 2۱۱ 96 Operations more efficient. Part of this is the 
result of the threatening "A-76" or Commercial Activities 
program, wherein Navy maintenance activities bid to keep 
mew JOOS from private Contractors, amd part is due to the 
meme set by the Reagan administration. For example Robert 
A. Stone, Deputy Assistant Secretary of Defense 
(installations), emphasizes "managing for excellence" and 
has implemented the Model Installations Program whereby 
certain volunteer Department of Defense activities are able 
mom orPero some of the more stifling bureaucratic procedures 
much che goal of improving overall base efficiency and 
morale (U.S. Department of Defense, 1985). Building on 
s i j O ۲۱۱1۱ o chapverzpresents a proposal for an ideal 
Naval Academy preventive maintenance program and 


acknowledges some of the barriers standing in the way of 
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mes implementation. 

The basic elements of a preventive maintenance program 
ere planning, scheduling, work performance, data 
MemeecCtion, equipment history, cost accounting and 
management information (Newbrough, 1982). Recommendations 
for the design of a preventive maintenance system will be 
Enovrded for each otf these elements. While it is important 
noknow what makes up a good system, it is also important 
to realize what adversely affects a PM program. Some of 
the major causes of ineffective maintenance programs are 
Mlack of cost control, 2)lack of good historical equipment 
m eords, 3)little or no analysis of equipment failure, 
4)poor operator training, 5)supplies mismanagement, 
OJinefficient planning, 7)ineffective scheduling, 8)little 
and/or improper use of non destructive test and diagnostic 
equipment, and 9)lack of incentive to get and keep good 
people (U.S. National Bureau of Standards, 1982). These 
Pose pe considered in the sections that follow. 

۲ Planning 

Preventive maintenance planning begins with the design 
EdEconstruetion of a burxlding. The types of equipment 
sssi j redundancy Characteristics of systems, condition 
fommeoring devices installed, and equipment accessibility 
are important PM factors which should be taken into 
account. Studies nave shown that the operating and 
maintenance (0&M) costs of a nigh rise structure are a 


۳۰۰۰٠٠٠٠۰٠۷۶ or Loy percent ol the total building cost which 
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Blei لاه دا‎ construction, finance, operating and 
maintenance costs (Ruhlin, 1984). Often only the upfront 
Beets are Considered in building design because future O&M 
costs are discounted too mueh (Baglow, 1975). 

PimeciemadUlal showla be part of the building's design 
package requirements. This "owners manual" could go a long 
Way toward operating the building's systems effectively, 
training maintenance personnel, establishing maintenance 
procedures, and creating an accurate equipment inventory 
۱۳۱۱۲۱ ۳ 1984). The preventive maintenance scheduling 
portion Ol thé O&M manual Should be based not on the 
Seandard "cookbook" frequencies found in the literature, 
Miiteerather on the concepts of reliability centered 
maintenance. 

Maso Navy 5651512125 currently have buildings which 
range in age from new to about fifty years old. Some of 
the items mentioned above obviously do not apply to 
= gablashegd buildings. What is required, however, is an 
accurate inventory of equipment assets. 

The next planning step would be to determine what 
types of management systems and organizational arrangement 
would best suit the requirements of the PM systen. 
Computerized PM systems have been shown to cut costs almost 
fifty percent when compared to manual PM systems (Smit, 
۷۰۰۰۰٠٠٠٠٠ ٠٠٦٦1۹٣۰٠٣٣٦٦٦٦0 ٣١۹٣٢٢٢ ۹13 غ315‎ is important to 
remember that any system must not only work, it must work 


well and appear zo work well. In some instances a 
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partially manual system may be appropriate. 
ranıizationally each activity should be tailored to meet 
its own needs. More discussion regarding systems and 
5۳ ۱۳۲۱ ال ۲1 2 او‎ Will be forthcoming in following sections. 
۱ Scheduling 

The Naval Academy's PM program would greatly benefit 
from a comprehensive review of its scheduling frequencies 
if more of the concepts of reliability centered maintenance 
(RCM) were applied. Although individual Navy activities 
have some leeway in assigning their PM scheduling 
frequencies, most follow the tried and true method of 
meieduyling Similar equipment on a similar basis, e.g, 
virtually all pumps at the Naval Academy are inspected 
Smeeterliy. Little if any consideration is given to a piece 
۳ ۱۱۱۱ 0۳6۲۳۳۲ ۲ 5 role as part of a bigger system, the 
۰۰۰۰۰١٦065 in which it Operates, its failure modes and 
consequences in terms of the risks involved, and its 
maintenance history. No amount of PM will prevent every 
equipment casualty although the conservative frequency 
levels recommended in the literature misht lead one to 
believe otherwise. Perhaps the inspection program could be 
refined to include two different levels of inspection. One 
remit cine include Che PM inspeetion as it is now 
Noe  انالا‎ On a less arequent basis, The other level 
Ie a ten minute wale«=through of a mechanical space by 
5 2 11011 Just cursorily looking and listening for 


anormales during a period when the comprehensive PM is 
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rot. performed. In any ease these proposals could be fairly 
easily implemented in six months to a year throughout the 
Academy if a team of two or so mechanics, who were 

E cotive to and understanding of simple and basic RCM 
concepts, were also give the time and responsibility for 
making it happen. The PM program administrator would be 
deeply involved and there would also have to be some 
maeerface with Utilities Division personnel well versed in 
mie HeCademy's mechanical systems' configurations. This 

E ocatron of resources would involve a tremendous initial 
mayest tment in the amount of manhours spent, but it would 
probably pay enormous dividends right from the start and 
completely pay for itself within a few years. The PM 
stem itself could continue to look like it was based on a 
periodic scheduling philosophy so that the basic 

٠۰٠۰٠۰٠۷٦۷٦٦۰٦۹ ٣٦٠٠۷٢ Structure of the system would not have to be 
changed. 

The RCM team created above would probably develop a 
mest OL Intuitive rules for determining PM scheduling 
Mesguencies during the course of its investigation. These 
mimes could be captured and used in future instances if 
they were incorporated into an expert system. An expert 
EB Does a computer program which is essentially taught to 
"think" like the expert. If a new piece of equipment were 
PoGecn conve inventory, Cic expert system would raise the 
RL opr ı TE quesvlons lmeestablishing a PM frequency just 


wen per mechanics did. This is probably too 
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BeeniscicCated a step for one Navy activity to attempt, but 
it might be something that could be economically and 
effectively done on a Navy wide basis by a headquarters 
EuUvity. 
۲۳ Work Performance 

SF rröormins the work 1n'a PM program involves the 
Eupection, maintenance and repair actions necessary to 
ED the equipment running. Although the mechanic is the 
most important element in the program, some of the 
Ii pDeetion workload could be done by condition monitoring 
devices placed on the equipment and connected to a status 
Miaicating device in a manned space. Satisfactory upper 
and lower operating limits could be established, and 
discrepancies could be investigated by a mechanic. Some 
pieces of the Academy's equipment might be candidates for 
mes feature and they could be monitored in the Michelson 
Hall energy monitoring control system (EMCS) computer roon, 
EN ossibly made part of the EMCS itself. Mechanic site 
inspections of the equipment could be scheduled 
emer diaely. Another aspect of the inspection portion of 
NS the method of inspection. Recent strides nave been 
meee in diagnostic equipment, particularly in non 
Meseructive testing (NDT) equipment, and they should be 
used where applicable. However, care should be taken in 
purchasing NDT equipment because some actual performance 
Misas Mov Live Up TO Manufacturers' claims. The cost 


to benefit aspects of any inspection related device must be 
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an i ously considered at all times. 

Within maintenance programs, multi-skilled maintenance 
workers have been shown to have higher morale and greater 
ED Esstisfaetion than trade specific mechanics (Husband and 
Basker, Dec 1982). Maintenance workers should be used at 
the Naval Academy wherever possible. Regrettably the 
concept of a maintenance worker is not openly welcomed at 
tne Academy because it represents a philosophical shift in 
the way business is done. There is also the ominous 
E ele O! getting the personnel recruitment through the 
lian personnel office alt a high enough pay level to 
attract quality people. Nevertheless, after considering 
Em ۱۳۱۳۱ ۳۸۵ for training requirments, organizational 
:uansges and union problems, the Academy should attempt 
hiring some maintenance workers. They could be effectively 
used in those locations where assigning one or two 
full-time maintenance employees responsible for all routine 
PM and emergenoy/service work makes sense. 

۶ Data Collection 

Maintenance Data should provide the mechanic and 
management with the information necessary to reach 
۲۳ Vien decisions. Probably the most troublesome 
issues in data collection are the freauent lack of uniform 
Mm portvinz over time and the accumulation of and exposure to 
extraneous data. Consistent and concise PM and breakdown 
historical data are essential to both mechanic and 


Management, albeit sometimes at different levels of 





۱۳ ۳ Oj] ine most important input comes from the 
mechanic whether he 18 inspecting or repairing a piece of 
Es mento bub he Cannot be expected to write a 
emesesertation on each and every piece of equipment he 

Mev icCes, nor would management be likely to absorb such 
information on many pieces of equipment. The hard card 
provided a convenient way for the mechanic to indicate, 
Bene simple checkmarks, what actions he performed during 
PM. The card then provided a snapshot of the equipment's 
PM history for management. There was not, however, an easy 
w ۲ way of correlating, or in some cases even finding, 
relevant records of equipment failure. The paper sheet 
mem exacerbated the problem of recording and analyzing 
emi pment performance by not providing room for remarks, 
ey Not Carrying over information from previous 
inspections. The BEST system does not much improve PMin 
mese areas. 

What is needed is a system which uniquely identifies 
each piece of equipment, automatically correlates PM ana 
E اتا ا‎ intormabtlon”. lS casy to use for the mechanic, and 
is helpful to management. An example of one part of such a 
rm is the work order provided in exhibit 5-1. This 
۱9۳ ICN ys partially filled in by the computer and 
۰٠۰۰۰۰٠۰۱٠٠ Dye che mechanic, 15 easy to use and also capable 
2 لدع ار‎ by a computer card Scanner which is tied into 
Hau -menvNsvsrpEm- Pais has the tremendous advantage 


9 ات‎ ۱۱۱۱۱ tine the need to manually transfer data. 
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equipment PM history, time card information for employee 
Baye purposes, and employee productivity results are 
Bisblayed for the mechanic or captured for management. 
Although this would represent a significant change in the 
Way PM is done, it is technologically feasible (as attested 
bo by numerous state lottery systems, among other 
applications) and pernaps necessary as the number of 
eiviljan workforce positions decline over time while the 
uou "oad Erous due Lo bie increasing complexity of building 
Menanical systems. A similar type of card could be used 
for emergency/service work orders which would also feed 
1110 he ee ma won footer, The size and eost 
associated with such a computer system would be dependent 
Fo bie Size Of the individual Navy activity which uses 
Ae system. Similar to the BEST arrangement, control over 
Miemea,y,ceem siould remain with the Public Works Departments. 
uus would help to ensure that real time information and 
EE Access cto that information is provided to those 
personnel needing it most. 
ENS. Equipment History 

Ihe generation and use of equipment history records 
permeates the other elements of a preventive maintenance 
0د‎ TCE sS Universally recognized as a vital component 
in the overall scheme of equipment maintenance, but is 
rarely adequate, up to date or effectively analyzed (de 
Matteis, 1982). As the issue is addressed in the other 


e o j iso pi or Lc 1S highlighted here only to 


On 
MO) 





Kress further its importance. 
feo Cost Accounting 

Financial terms are often the only common language 
moms Managers responsible for different functions within 
۶۷ ۲2۳۱1 23010۳ The advantages of improved reliability 
EM 0100016511607 resulting from a PM program must be stated 
wC ost to benefit relationships, payback ratios and 
Present value analyses in order to win the full respect and 
Support of top management. The Naval Academy, like most 
۳۱ Navy activities, Ras the costs associated with the PM 
program spread out over many areas, making such analyses 
almost impossible. PM and emergency/service job orders, 
Mmeemcurreny bases for Cost accounting purposes, often cover 
pare DuUildings or Systems, and contain information in too 
aggregate a form to be of much use in any cost analysis. 
ME most Serious flaw in the BEST system is that it 
05 0051115 no cost expenditure information anywhere in the 
program! One or more forms of the scanner read card 
E GSE in a previous section would directly tie equipment 
eosts to timecards and eliminate much of the administrative 
٠۰۰۰۰۰٠٠٠٠٦6٦۰٦٢ ٢ is required today for job order and time 
eed reporting purposes. 
5.7 Management Information 

Although the capability exists to overwhelm management 
۱۰ ers and Figures Using a computer based maintenance 
management system, a few simple and concise reports with 


Dr 111ل‎ 111211011 11 graphic form would probably be more 
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۳۰: 1 ۰ Allowing the system's users to easily query the 
pesbasecand extract their own information in suitable 
formats would be an invaluable management tool, 
Ex: Ti the selection routines could be stored in 
memory for repeated use. The database structure 
incorporated into the system should allow quick and easy 
E ST vo the Important eriteria mentioned in this study. 

s oI the bie problens noted with the BEST PM system 
EN S inability to easily combine breakdown and PM 
ERN pUent histories into = functional form. Ideally the PM 
User should be able to identify a piece or category of 
Euroment and have che computer system print out a complete 
EM -usneesendssvory usbUmseseHaPts. tables and other forms of 
information as appropriate. Since there is not enough time 
to inquire about every piece of equipment in a PM program, 
however, some form of exception reporting should be built 
Mé system. For example, a monthly printout of 
equipment experiencing failure in each of the last two 
Momcns Or Quarters might indicate problems which should be 
Berner investigated. Numerous algorithms could be 
Broesrammed into the system to provide valuable exception 
ا ةا‎ General equipment simmary reports in some areas 
could also be provided. 

ippo rana ne cenent unction is to monitor‏ ااا راان 
the performance of its employees. As the necessary labor‏ 
Fine ocmacıon was colrtecered in a previous section, this‏ 


now becomes an easy reporting procedure for the system. 





Ine level of aggregation would be dependent upon the 
@rcsanization and philosophy of the activity. Exception 


Meporving could be used in this area as well. 
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS 


The Naval Academy has achieved the efficient operation 
of its installed building mechanical equipment somewhat at 
the expense of maintenance and fiscal efficiency. By 
relying on conservative estimates for the scheduling 
meeqguencies of PM inspections, the Academy has unwittingly 
3۰۰٠٠٠۱٠0 ٣٢٣٢ to Over Maintain much of its equipment based on 
7 equipment history records for the period January 1979 
ehroush Maren 1985 in selected buildings. The PM program 
ne Academy is not unique in that it suffers from some 
of the same problems affecting other maintenance 
organizations the world over, i.e., maintenance managers 
we overworked, PM does not receive a high priority, 
scneduling frequencies are inefficient, costs are not fully 
Ecounved for and the motivation for PM personnel to adhere 
m e program is sometimes lacking. The shift to a new PM 
organizational arrangement and two new administrative 
Systems in the past three years has furtner complicated the 
PM program's problems. 

The Academy has recently begun critically reviewing 
its preventive maintenance program. The five most 
important recommendations for PM program improvement, 
deseribed in detail in previous chapters, are provided for 
Dmestheademy's consideratieon. 

1. PM inspection frequencies should be drastically 


reduced in light of the mechanical equipment histories 





K s UE The exception of air compressors, virtually 
no other single piece of equipment failed in consecutive 
manters regardless of whether PM was routinely performed 
K r Most monthly cheeks could be done quarterly and 
Meee quarterly checks could be done semiannually with 
little or no effect on equipment performance. The very few 
Breces of extremely critical equipment should remain on 
۳۲ present inspection Schedule. After this drastic cut 
is made, the program will be more manageable and it will be 
easter to make further analyses and system improvements. 

2. Two or three mechanics should be permanently 
woot ened Of a trial basis to a building or group of 
eee Cec. MLenelson-cnauvenet Halls, and given full 
meoponsibility for all routine PM and emergency/service 
work requirements. It is envisioned that the results of 
the experiment and the input of the assigned mechanics 
gould prove invaluable toward further System improvement. 
These same mechanics might also be able to apply the 
Breinciples of reliability centered maintenance to their 
area, and the Academy could then expand their findings to 
the entire PM program. 

3. A major concern is of the usefulness of the new 
best computer system as rb applies to the PM program. 
Major improvements need to be made to the system before it 
reaches its potential, but the Academy's mechanical 
Equipment still requires PM service in the interim. If 


BEST cannot be used to maintain equipment historical 


74 





3 2 ۱ Immediately, then the Academy Should revert back to 
the old PM hard cards. Some of the improvements 
ee ommended for BESI include increased PM scheduling 
capability, better interface between the E/S and PMI 
K Les. graphics, cost accounting features, card scanners, 
and quicker and easier database access. 

Iesu dd be provided, at least on a 
Em im basıs, Tor che PM program administrator in the 
Hunmpenance Control Divrsion. This would help free up the 
administrator from some of his menial tasks and allow him 
bowconcentrate on important PM equipment related issues. 

ME cocconceumuMuEscled marntenance workers 
should be re-examined. 

me Naval Aeademy serubtic Works Department is staffed 
by highly motivated and experienced professionals who have 
identified and are correcting the problems in their PM 
Eu rum. s Crucial Chal they continue to focus on the 
solutions which will save money overall and make things 


Peete for all of those involved rn the program. 
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